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家标准 GB25991-2010《汽车用 LED 前照灯》为指导，通过分析传统投射式结构
和自由曲面结构的优缺点，设计了一款改进型的投射式和自由曲面反射镜相结合
















































The headlamp system is one of the important security components to ensure the 
car driving at night. With the development of light source technology, LED has 
already been the best choice of the new generation of automotive lighting source for 
its low power consumption, long operation life, good light quality, short start-up time 
and so on. Nowadays, LED has been widely applied in automobile (i.e., car brake 
light, daytime running light and instrument panel light). Although the high-power 
LED used in the headlamp is still at the exploratory stage, its broad market is 
self-evident. Since the automobile industry is developing dramatically, it has great 
significance to develop LED headlamp for automobile. 
The automobile headlamp includes high beam and low beam. The low beam is 
used for close-distance lighting when two vehicles are meeting. It demands a 
horizontally broad and vertically narrow asymmetric light patent. Due to the weak 
brightness of a single LED source, an array of multiple LED sources is implemented 
to realize the perfect light distribution and characteristics of low beam. The paper 
takes the National Standard GB25991-2010 as a guide. After analyzing the advantages 
and disadvantages of the projector structure and freeform structure, a LED low beam 
headlamp structure is designed by combining a modified projection-type and freeform 
reflectors. The power consumption of this innovative structure is only 18W, which is 
much less than 55W of traditional halogen lamp. In addition, the innovative structure 
is very compact, whose dimensions are only 80mm×120mm×90mm. This facilitates 
the streamline design of the automobile. The low beam light distribution, employing 
the optical superposition principle, is mainly combined by two parts: 
(1) The projector structure, which is composed of two rotating ellipsoids, the 
shading plate and the aspheric lens. It is designed to condensation and mainly used to 
strengthen the brightness of the center and generate the horizontal and 15 degrees 
cut-off line. 
















to strengthen the horizontal cut-off line and spread light in level direction to 
illuminate the road with enough breadth. 
After simulation of optical software, the results show that the design combining 
projector and freeform structure would provide a light pattern which is suitable for 
low beam light distribution. The illuminance values of each test points and regions 
meet the National Standard very well. This method will provide a reference for 
high-power white LED used in automotive lighting design and simulation in the 
future. 
 
















目  录 
第一章 绪论 .............................................................................................. 1 
1.1 课题研究背景和意义 ..................................................................................... 1 
1.2 汽车车灯的发展历史 ..................................................................................... 2 
1.3 国内外 LED 前照灯的发展现状 ................................................................... 6 
1.3.1 商用 LED 前照灯的发展现状 .............................................................. 6 
1.3.2 LED 近光灯研究现状 .......................................................................... 13 
1.4 本文的主要研究内容 ................................................................................... 13 
第二章 LED 近光灯光学设计理论 ....................................................... 15 
2.1 光度学 ........................................................................................................... 15 
2.2 LED 的基础知识 ........................................................................................... 18 
2.2.1 LED 发光原理 ...................................................................................... 18 
2.2.2 LED 的基本结构 .................................................................................. 19 
2.2.3 LED 的光学特性 .................................................................................. 20 
2.2.4 LED 的应用 .......................................................................................... 22 
2.3 国内外近光灯标准体系的比较 ................................................................... 22 
2.3.1 近光灯配光.......................................................................................... 22 
2.3.2 欧洲标准 ECE 和美国标准 SAE 的比较 .......................................... 24 
2.3.3 我国 LED 前照灯标准 GB25991-2010 .............................................. 26 
2.4 LED 近光灯配光设计流程 ........................................................................... 27 
第三章 改进型投射式结构的仿真 ........................................................ 30 
3.1 投射式结构 ................................................................................................... 30 
3.1.1 椭球面反射镜...................................................................................... 31 
3.1.2 遮光板.................................................................................................. 32 
3.1.3 透镜...................................................................................................... 33 
















3.2.1 光学软件 LightTools 介绍 .................................................................. 35 
3.2.2 LightTools 中光源的仿真原理 ............................................................ 37 
3.2.3 近光灯 LED 光源的确定和仿真分析 ................................................ 40 
3.3 改进型投射式结构的仿真 ........................................................................... 43 
3.3.1 LED 与椭球反射镜的放置方式 .......................................................... 43 
3.3.2 单反射镜投射式结构的仿真.............................................................. 44 
3.3.3 双反射镜投射式结构的仿真.............................................................. 46 
第四章 自由曲面反射镜的仿真 ............................................................ 49 
4.1 反射式结构 ................................................................................................... 49 
4.1.1 传统抛物面近光灯.............................................................................. 49 
4.1.2 自由曲面近光灯.................................................................................. 50 
4.1.3 灯丝映像法.......................................................................................... 50 
4.2 自由曲面的仿真 ........................................................................................... 53 
4.2.1 ReflectorCAD 软件介绍 ...................................................................... 53 
4.2.2 利用 ReflectorCAD 设计自由曲面 .................................................... 55 
4.2.3 自由曲面上、下表面在 LightTools 中的仿真 .................................. 57 
4.2.4 组合自由曲面反射镜的仿真结果和分析.......................................... 59 
第五章 LED 近光灯的结构集成和仿真分析 ....................................... 61 
5.1 LED 近光灯的结构集成 ............................................................................... 61 
5.2 LED 近光灯的仿真分析 ............................................................................... 62 
第六章 总结与展望 ................................................................................ 66 
参考文献 .................................................................................................. 68 
攻读学位期间发表论文与科研情况 ...................................................... 71 



















Chapter 1 Introduction ............................................................................. 1 
1.1 Researching Background and Significance .................................................. 1 
1.2 Car Headlamp History of Development ....................................................... 2 
1.3 The Present Situation of LED Headlamp at Home and Aborad ................ 6 
1.3.1 The Present Situation of Commercial LED Headlamp ........................... 6 
1.3.2 The Research of LED Headlamp .......................................................... 13 
1.4 The Main Researching contents ................................................................... 13 
Chapter 2 The Theory of Optical Design for LED Low Beam ........... 15 
2.1 Photometric ................................................................................................... 15 
2.2 Basic Knowledge of LED .............................................................................. 18 
2.2.1 The Principle of LED Light-emitting ................................................... 18 
2.2.2 The basic structure of LED ................................................................... 19 
2.2.3 The Optical Properties of LED ............................................................. 20 
2.2.4 The Applications of LED ...................................................................... 22 
2.3 Comparison of Standard System of Headlamp at Home and Abroad ..... 22 
2.3.1 The Light Destribution of Low Beam Headlamp ................................. 22 
2.3.2 Comparison of European Standard ECE and U.S. Standard SAE ........ 24 
2.3.3 The LED headlamp standard GB25991-2010 in China ........................ 26 
2.4 The Process of LED Low Beam Headlamp Design .................................... 27 
Chapter 3 The Simulation of the Improved Projector Structure ....... 30 
3.1 The Projector Structure ............................................................................... 30 
3.1.1 The Ellipsoidal Reflector ...................................................................... 31 
3.1.2 The Shading Plant ................................................................................. 32 
3.1.3 The lens ................................................................................................. 33 
















3.2.1 The Introduction of Optical Software LightTools ................................. 35 
3.2.2 The Simulation of Source in LightTools ............................................... 37 
3.2.3 The Determination and Simulation of LED Source .............................. 40 
3.3 The Simulation of Improved Projector Structure ...................................... 43 
3.3.1 The Placement of LED and Ellipsoidal Reflector ................................. 43 
3.3.2 The Simulation of Single-reflector Projector Structure ........................ 44 
3.3.3 The Simulation of Dual-reflector Projector Structure .......................... 46 
Chapter 4 The Simulation of Freeform Reflector................................ 49 
4.1 The Freeform Reflector ................................................................................ 49 
4.1.1 The Traditional Parabolic Low Beam Headlamp .................................. 49 
4.1.2 The Freeform Low Beam Headlamp .................................................... 50 
4.1.3 The Theory of Filament Image ............................................................. 50 
4.2 The Simulation of Freeform Reflector ........................................................ 53 
4.2.1 The Introduction of ReflectorCAD ....................................................... 53 
4.2.2 Designing the Freeform Reflector with ReflectorCAD ........................ 55 
4.2.3 The Simulation of Upper and lower surface of FFR in Lighttools ....... 57 
4.2.4 The Simulation Results and Analysis of the Combination of FFR ....... 59 
Chapter 5 The Structural Integration and Simulation Analysis of 
LED Low Beam Headlamp .................................................................... 61 
5.1 The Structural Integration of LED Low Beam Headlamp ....................... 61 
5.2 The Simulation Analysis of LED Low Beam Headlamp ........................... 62 
Chapter 6 Conclusion and Prospect ...................................................... 66 
References ................................................................................................ 68 
The Situation of Research and Publication .......................................... 71 



























先制定的“下一代照明计划”被列入了能源法案，计划从 2000 至 2010 年，投资





车灯的发展与光源技术的不断提高是分不开的。进入 20 世纪 90 年代，汽车
内部的照明进入了 LED 的时代。目前，除了汽车前照灯外，车外的信号灯也采
用了 LED 新光源。与其他汽车光源相比，LED 主要具有以下七个优势[3]： 
（1）寿命长，维护率低。LED 的使用寿命可达几万小时甚至 10 万小时，
在汽车使用期限内无需再更换光源； 
（2）能耗少，比同等亮度的白炽灯节能一半以上。2003 年美国能源署（DOE）

































白炽灯 14.35 244.01 — — 
2006 年 LED 13.50 229.51 14.49 5.94% 
2011 年 LED 12.25 208.28 35.73 14.64% 
2016 年 LED 8.95 152.19 91.82 37.63% 
20××年 LED 2.64 44.84 199.17 81.63% 
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